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(54) DATA PROCESSOR AND DATA PROCESSING SYSTEM ' 

(57)Abstract: 

PROBLEM TO BE' SOLVizD: To provide a data processor capable of easily 
varying debugging operatiori by reducing the number of signal terminals for 
debugging. . ; - v 

SOLUTION: The data processor 1 is provided with ROM 112 storing boot program 
allowing CPU 10 to transfer a debugging program from a serial.interface circuit 15: 
to a debugging RAM area 1 11. When an SDI boot command is .supplied from ; 
outside, .the, serial interface circuit, outputs an SDI. interruption request signal 
(SDI-boot) to an interruption controller 1 2 to allow CPU to execute the boot 
program. Debugging operation varies according to. the contents of a down-loaded 
debugging program and the transfer of infprmation at the time of debugging is 
executed also serially. 
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* NOTICES * 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] With a central processing unit and this central processing unit, an accessible storage means, 
The interrupt controller which controls interruption to said central processing unit, the serial interface 
means which output and input information serially between the exteriors, It is the data processor which 
are-izing [ a data processor ] and changes, and the internal bus for connecting them — containing — a 
semiconductor integrated circuit — said storage means The 1st rewritable storage region and the 2nd 
storage region which holds the boot program which makes information transmit to said .-1st storage, 
region from said serial interface means to said central processing unit are included. Said serial interface 
means outputs the 1st interrupt request signal to said interrupt controller based on the decode resuit of 
the 1st command supplied from the outside, and said interrupt controller answers said 1st interrupt 
request signal. The data processor characterized by being what gives the 1st interrupt control 
information which performs said boot program to a central processing unit. 

[Claim 2] Said 2nd storage region is a data processor according to claim 1 characterized by being what 
changes including the 1st vector used in order that the central processing unit which received said 1st 
interrupt control information may acquire the instruction addressi of the head of said boot program 
further. 

[Claim 3] The information transmitted to the 1st storage region by said boot program is a data 
processor according to claim 1 or 2 characterized by being a program for debugging control. 
[Claim 4] Said boot program is a data processor according to claim 3 characterized by being what grows 
into the last including the instruction which branches the instruction execution of a central processing 
unit to the predetermined address of said program for debugging control to which it was transmitted in 
said 1 st storage region. 

[Claim 5] It is the data processor according to claim 4 which said storage means has the 3rd rewritable 
storage region, and is characterized by said program for debugging control being what consists of said 
serial interface means including the transfer control program which makes data transmit to said 3rd 
storage region. 

[Claim 6] It is the data processor of five claim 3 characterized by being what gives, the 2nd interrupt 
control information which said serial interface means outputs [ 2nd ] the 2nd interrupt request signal to 
said interrupt controller based on the 2nd command supplied from the outside, and said interrupt 
controller answers [ 2nd ] said 2nd interrupt request signal, and makes a central processing unit execute 
a predetermined instruction of the program for debugging control of said 1st storage region to a central v 
processing unit thru/or given in any 1 term. 

[Claim 7] Said 1st storage region is a data processor according to claim 6 characterized by being what 
changes including the 2nd vector used in order that the central processing unit which received said 2nd 
interrupt control information may acquire the predetermined instruction address of said program for: 
debugging control further. 

[Claim 8] It is the data processor according to claim 6 or 7 characterized by being what gives the 3rd 
interrupt control information which said serial interface means outputs [ 3rd ] the 3rd interrupt request 
signal to said interrupt controller based on the 3rd command supplied from the outside, and said 
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interrupt controller answers [ 3rd ] said 3rd interrupt request signal, and makes a central processing unit 
• execute the program of said 3rd storage region or other user rooms to a central processing unit. 
[Claim 9] In the data processor which are-izing [ a data processor] and changes a central processing 
unit and the interrupt controller which controls interruption to an accessible storage means and said 

central processing unit by this central processing unit * — containing a semiconductor integrated : 

circuit — The flag made operational from the both sides of the exterior of a data processor, and said 
central processing unit, respectively, The data register made accessible from the exterior of a data 
processor, and the both sides of said central processing unit, respectively, And the command decoder 
which gives the interrupt request signal according to the decode result of the command supplied from 
the outside to said interrupt controller is included. The exterior of a data processor and the serial 
interface means which output and input information asynchronously and serially are established. Said 
storage means The 1st rewritable storage region and the 2nd storage region which holds the boot 
program which makes information transmit to said 1st storage region from the data register of said serial 
interface means to said central processing unit are included. Said interrupt controller answers the 1st 
interrupt request signal in said interrupt request. The central processing unit which gives the 1st 
interrupt control information which performs said boot program to a central processing unit,* and 
executes said boot program The data processor characterized by being what accesses said data 
register on condition that said flag is in the 1st condition, and changes said flag into the 2nd condition 
with the completion of access to said data; register. 

[Claim 10] The data processor according to claim 9 characterized by being what is further equipped with 
the State controller which enables modification of said flag in the 1st condition with the completion of 
access of the data register by the data processor, and changes while said flag which it changed into the 
2nd condition detects the condition of having been outputted to the exterior of a data processor and 
controls said data register accessible from the outside of a data processor. 

[Claim 11] Data processing system characterized by being the data processor which mounts the circuit 
by which an access control is carried out in the circuit board, and changes by the data processor often 
claim 1 thru/or given in any 1 term, and this data processor, and being what prepares the external 
connection connector connected to the serial interface means included in said data processor in said 
circuit board, and grows into it. 

[Translation done J , / 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention applies a microcomputer application system to the thing of the 
conditions which debug under real operating environments, such as the outdoors, concerning the data 
processor which has debugging exchange functions, such as data processors, such as a microcomputer, 
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a digital signal processor, a microcontroller, and a microprocessor, especially an emulation, and relates 
» to an -effective technique. 
[0002] 

[Description of the Prior Art] The microcomputer for evaluation which has a debugging exchange 
function can be used for debugging of a microcomputer application device (it is also called the target 
system). In order to carry out the interface of the microcomputer for this evaluation to the host system 
for debugging, the signal line of a large number which may transmit data equivalent to the interface of 
the microcomputer and the target system concerned, the address, and a control signal in juxtaposition 
can be used. However, when the target system is a small system like a pocket communication terminal, 
it is substantially impossible to prepare the terminal or connector for connecting many signal lines for 
debugging to the circuit board in many cases. 

[0003] Then, the technique of using serial interface for an interface with the host system for debugging 
is offered by "DSP Floating Point Dual-Port Prosessor Users Manual SECTION10 ON-CHIP 
EMULATOR" of IEEE issue in December, 1989. 

[0004] The technique indicated by this makes the serial interface for debugging which outputs and 
inputs data serially synchronizing with the command decoder for debugging, a break point control circuit, 
and a clock signal build in, gives the command for debugging from the outside to a digital signal 
processor through this serial interface, decodes that command to it by the command decoder, and 
performs read/write of an internal register, and break point. control to it according to that decode result. 
[0005] 

[Problem(s) to be Solved by the Invention] However, if it is in the above-mentioned conventional 
technique, since it opts for the function of the command for debugging fixed beforehand, the internal 
state which can be set as a data processor in simulation, the internal state of the data processor which 
can be referred to for debugging, etc, are restricted in debugging. Data processors, such as a digital 
signal processor, do not have more good useMriendliness in the debugging exchange function to receive 
such a limit, if it takes into consideration being applied to various data processing system general- 
purpose. If it puts in another way, there will be no variability in the actuation for debugging. 
[0006] Moreover, although the connection terminal with the host equipment for debugging could be 
reduced by adopting said serial interface, in order to have made the number of signals into the minimum, 
the need of taking into consideration also about the technique of handshake control at the time of 
outputting and inputting information asynchronously and serially with the exterior of a data processor 
was found but. 

[0007] The purpose of this invention is to offer the data processor which can lessen the signal terminal 
for debugging as much as possible. 

[0008] Another purpose of this invention is to offer the data processor to which it can carry out 
adjustable [ of the debugging actuation ] easily. 

[0009] Still more nearly another purpose of this invention is to offer the data processing system using 
the data processor which makes debugging possible in the environment near the actual use environment 
of the system (product system), and the data processor concerned. 

[0010] The other purposes and the new description will become clear from description and the 

accompanying drawing of this specification along [ said ] this invention. - 

[0011] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly explained 
among invention indicated in this application. 

[0012] namely, an internal bus (16) for a data processor (1) to connect an accessible storage means (11), 
the interrupt controller (12) which controls interruption to said central processing unit, the serial 
interface means (15) which output and input information serially between the exteriors, and them with a 
central processing unit (10) and this central processing unit — containing — a semiconductor integrated 
circuit — are-izing and it changes. Said said storage means (11) The 1st rewritable storage region (111), 
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The '2nd storage region (112) which holds the boot program which makes information transmit to said 
■• 1st storage region from said serial interface means is included in said central processing unit. Said serial 
interface means (15) Based on the decode result of the 1st supplied command (SDI boot command), the 
1st interrupt request signal (SDl_boot) is outputted to said interrupt controller from the outside. Said 
interrupt controller (12) answers said 1st interrupt request signal, and gives the 1st interrupt control 
information which makes a central processing unit execute said boot program. 
[0013] A data processor is made to perform the user program made applicable to debugging in the 
application system (target system) of said data processor a software WEDE bag or when carrying out 
system debug, and it debugs by following the activation locus of the user program concerned, referring 
to the information acquired in the process externally. In order to refer to the information which appears 
in the activation process of such a user program externally at this time or to set up the operating 
condition of a user program etc., it is needed to make a data processor perform a different program for 
debugging control from a user program. Said boot program is a program of a central processing unit for 
the storing field of a user program to download such a program for debugging control to a different field 
of operation. By creating beforehand the program for debugging control needed according to the 
structure of a system for debugging to necessary, and publishing said 1st command for a serial interface 
means from host equipment, a data processor starts a boot program and downloads the program for 
debugging control supplied to a serial interface means to the 1st storage region. Therefore, when 
referring to the information which appears in the activation process of a user program externally on the 
occasion of debugging or setting up the operating condition of a user program etc., the contents of the 
actuation will be performed according to the contents of the downloaded program for debugging control. 
Thereby, any debugging actuation can be performed according to the contents of the program, and the 
variability of debugging actuation can be guaranteed. The debugging actuation by the data processor is 
not restricted by the class of command receivable [ with a serial interface means ]. 

[0014] A serial interface means is used for an interface with a host system, the number of the terminals 
for interfaces for debugging is lessened, and it can be compatible in the variability of debugging, and 
good user-friendliness under such a limit. 

[0015] Also when bringing system debug or software debugging close to a real operating environment as 
much as possible and performing it to it outdoors to the target system like a pocket communication 
terminal or a pocket device, there are few terminals for interfaces for debugging, and since the 
variability and the good user-friendliness of debugging are also guaranteed, it is rich in mobility [ say / 
that it can respond immediately ]. 

[0016] As a concrete mode of the above-mentioned means, said 2nd storage region can include the field 
(112A) which stores the 1st vector used in order that the central processing unit which received said 
1st interrupt control information may acquire the instruction address of the head of said boot program 
further. 

[0017] Moreover, the instruction which branches the instruction execution of a central processing unit 
to the predetermined address of said program for debugging control to which it was transmitted in said 
1st storage region can be included in the last at said boot program. The downloaded program for 
debugging control can be started automatically by this, and first stage-control action can be started 

immediately. - - 

[0018] If the download of a user program made applicable to debugging as first stage-actuation is 
assumed, said storage means has the 3rd rewritable storage region (110), and said program for 
debugging control can contain the transfer control program which makes a user program etc. transmit to 
said 3rd storage region. 

[0019] since a user program can be arranged in the memory inside a data processor on the occasion of 
debugging — actually — ** — a user program can be performed with the same working speed for 
debugging. 

[0020] In order to enable it to perform to arbitration actuation (breaking actuation) which switches the 
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program of a central processing unit of operation to said control program for debugging through a serial 
interface means on the way of [ of a user program / activation ] etc. from a host equipment side Said 
serial interface-means is based on the 2nd command (SDI breaking command) 1 supplied from the outside. 
The 2nd interrupt request signal (SDI.brk) is outputted to said interrupt controller. Said interrupt 
controller What is necessary is to answer said 2nd interrupt request signal and just to give the 2nd 
interrupt control information which makes a central processing unit execute a predetermined instruction 
of the program for debugging control of said 1st storage region to a central processing: unit. 
[0021] At this time, the field (1 11 B) which stores in said 1st storage region the. 2nd vector used in order 
that the central processing unit which received said 2nd interrupt control information may acquire the 
predetermined instruction address of said program for debugging control can be assigned and set. 
According to said program for debugging control, since this field is a field which can rewrite a central 
processing unit, it can also determine as arbitration the debugging processing which you want to perform 
by issue of such a breaking command. , - : ; 
[0022] In order to enable it. to interrupt arbitration through a serial interface means on the way of [ of a 
user program / activation ] etc. from a host equipment side Said serial interface means is based on the 
3rd command (SDI interruption command) supplied from the outside. The 3rd interrupt request signal 
(SDIJnt) is outputted to said interrupt controller. Said interrupt controller Said 3rd interrupt request 
signal is answered and the 3rd interrupt control information which makes a central processing unit 
- execute the program of said 3rd storage region or other user rooms can be given to a central processing 
unit. * v 

[0023] In the configuration, of the data processor which exchanges the information for debugging- 
actuation with host equipment through a serial interface means, the data processor (1) by another - 
viewpoint which paid its attention to the, serial interface means is semicbnductor^integrated-circuit-ized 
including the central processing unit (10), the interrupt controller (12) which controls interruption to an 
accessible storage means (11) and said central processing unit with this central* processing unit, and the 
serial interface means' (15). Information is serially outputted [ said serial interface means Ait is 
asynchronous and ] from the both sides of the exterior of a data processor, and said central processing 
unit, and inputted" with the exterior of a data processor including the flag (FLG) made operational, V 
respectively, the data register (SDDR) made accessible.from the exterior of a data processor, and the 
both sides of.said central processing unit, respectively, and the command decoder (1 54) which. gives the 
interrupt request signal according to the decode result of the, command: supplied from the outside to 
said interrupt controller. At this time, including the 1st storage region (1 1 1) which can rewrite said- < 
storage means, and the 2nd storage region (112) which holds the boot program which makes;information 
transmit to said 1st storage region.from the data register of said, serial interface means to said central 
processing unit, said interrupt controller answers the 1st interrupt request signal (SDI.boot) in said 
interrupt request, and gives the 1st interrupt control information which makes a central processing unit 
execute said boot program. When exchanging data between serial interface means, the central 
processing unit which performs said boot program accesses said data register, on. condition that said 
flag (FLG) is in the 1st condition, and changes said flag into the 2nd condition with the completion of 
access to said data register. 

[0024] Thus, when outputting and inputting information asynchronously and serially with the exterior of a 
data processor through a serial interface means, by permitting access of the data register by the central 
processing unit according to the condition of a flag (FLG), the exaggerated light of the data register 
(SDDR) asynchronous and accessed by the exterior and the central processing unit of a data processor, 
can be prevented, and data can be serially exchanged asynchronously and easily between the exteriors. 
[0025] What is necessary is to access a data register and just to make the 1st condition reverse a flag 
with the completion of access, when changing the flag into the 2nd condition in the exterior of a data 
processor. 

[0026] In order not to use an exclusive signal line for outputting the information on a flag to the exterior 



-6- 



of a' data processor but to use the signal line for serial data I/O While said flag which it changed into the 
2nd condition detects the condition of having been outputted to the exterior of a data processor and 
controls said data register accessible from the outside of a data processor then What is necessary is 
just to adopt the State controller (153) which enables modification of said flag in the 1st condition with 
the completion of access of the data register by the data processor. 

[0027] What is necessary is just to prepare the external connection connector (51) for connecting to a 
debug tool etc. the serial interface means included in said data processor in the circuit board (50) of 
data processing system, in order to enable connection of said serial interface means with the debug tool 
or host system for debugging control to the data processing system constituted, with the application of 
the above-mentioned data processor. 
[0028] 

[Embodiment of the Invention] 

Outline» of «microcomputer The block diagram of the microcomputer 1 concerning an example of this 
invention is shown in drawing 1 . Although especially the microcomputer 1 shown in this drawing is not 
restricted, it is formed in one semi-conductor substrate like single crystal silicon of the well-known 
semiconductor integrated circuit manufacturing technology. 

[0029] A microcomputer 1 is equipped with the accessible internal memory 11, the interrupt controller 
12 which controls interruption to said CPU10, a bus controller 13, the breaking controller 14, a system 
controller 17, and the serial interface circuit (SDI) 15 that output and input information serially between 
the exteriors by the central processing unit (it is also called CPU) 10 and this CPU, and they are 
connected by internal data bus 16D and internal address bus 16A shown typically. It is also possible to 
constitute the microcomputers 1 including the sum-of-products computing element for digital signal 
processing etc. in the circuit block shown as said CPU10 as a data processor like the digital signal 
processor which specialized at digital signal processing. 

[0030] Although especially the microcomputer 1 shown in drawing 1 is not restricted, it is a 
microcomputer equipped with the debugging exchange function. The above, the breaking controller 14, 
and the serial interface circuit 15 are specially carried, in order to support debugging. The 
microcomputer which is not equipped with the debugging exchange function is also called a real chip for 
convenience. The microcomputer equipped with the debugging exchange function on the assumption 
that a function equivalent to a real chip is also called EBACHIPPU (evaluation chip) for convenience. 
[0031] The internal memory 1 1 of the microcomputer 1 as EBACHIPPU offers the storage region for 
storing the program of said CPU10 which a real chip offers by ROM (read only memory) in many cases 
of operation by RAM (random access memory). The.field of this RAM is illustrated as a user memory 
area (User_MEM) 110. The field shown by 111 in an internal memory 11 is assigned to storing of the 
program for control for debugging (debug program), or other control information, and let it be the RAM 
field (ASERAM) for debugging which consists of RAM. The field shown by the reference mark 1 12 is a 
boot program field (Boot_Program) which holds the boot program for making the control information of a 
debug program or others transmit to said RAM field 111 for debugging from said serial interface circuit 
15 to said CPU10 etc. This boot program field 112 consists of ROMs. 

[0032] Said bus controller 13 performs data-access width efface, insertion control of a wait cycle, etc. 
according to an access object domain on the occasion of the bus access of CPU10 to the inside and 
outside of a microcomputer. The control mode for every address range by this bus controller 13 is 
determined by the value which CPU 10 set as the register 130. 

[0033] Said breaking controller 14 has the register 140 with which CPU10 sets up breaking conditions in 
the breaking mode mentioned later, it supervises whether the condition are in agreement with breaking 
conditions set as this register 140, such as the program address and a data value, appears in internal 
data bus 16D, internal address bus 16A, etc., and when the condition are in agreement with breaking 
conditions detects, interrupts and gives a breaking interrupt-request signal brks to a controller 12 in the 
user mode which mentions later. 
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[0034] Said interruption controller 12 performs interrupt control to CPU 10. While interrupt request signal 
SDI.boot, SDIJnt, and SDI.brk which are outputted from said breaking interrupt request signal brks and 
said serial interface circuit 15 are supplied, the external interrupt request signal which omits illustration, 
and the internal interrupt request signal which similarly omits illustration are supplied to the interruption 
controller 12. With reference to the interrupt priority corresponding to the demand, if the interruption 
controller 12 has the logical circuit 121 which determines the priority of each interrupt request and has 
an interrupt request while it is equipped with the logical circuit 120 to which interrupt with an interrupt 
request and factor information is made to correspond, an interrupt request will be received and the 
interruption factor information and the interruput signal which answer the received interrupt request will 
be given to CPU10 so that priority may be given to high interruption processing of a priority. CPU 10 
calculates the vector address from the interruption factor information, and branches the processing to 
the instruction address specified by the interrupt vector table which acquired and acquired the interrupt 
vector table by it. At this time, it cannot be overemphasized that information which needs CPU10 for a 
return from interruption processing is evacuated beforehand. 

[0035] «serial interface circuit» Said serial interface circuits 15 are the exterior of a microcomputer 1, 
and a circuit which are asynchronous, and output and input information serially, and let them be the 
circuits for debugging for carrying out the interface of the microcomputer 1 to a host system (debug 
tool) 4 through the serial controller 3 on the occasion of debugging using a microcomputer 1 of a system 
(target system) 5 so that it may be illustrated by drawing 2 . What is shown by 2 in drawing 2 is external 
memory mounted in the target system 5, and this external memory 2 is connected to the bus controller 
13 through the input/output port 19 which omitted illustration by drawing 1 . 

[0036] As shown in drawing 1 , said serial interface circuit 15 has the shift parallel conversion register 
150, a selector 151, a command register SDIR, a status register SDSR, a data register SDDR, a selector 
152, the State controller 153 that controls the data I/O by the side of said serial controller 3, the 
register controller 157 which controls the data I/O by the side of CPU10, and a command decoder 154. 
Although not restricted especially, 32 bits, a command register SDIR, and a status register SDSR are 
made into 16 bits for the shift parallel conversion register 150 and a data register SDDR. 
[0037] Said shift parallel conversion register 150 It considers as the shift register equipped with the 
function of a serial input-parallel output (seriaHn/parallel-out) and a parallel input-serial output 
(parallel-in/serial-out). Synchronizing with the shift clock 155, the sequential shift of the serial data 
supplied from the serial data input terminal TDI is carried out. A sequential shift is carried out 
synchronizing with said shift clock 155, arid the serial output of the parallel data which make an output 
possible into a bus 156 as parallel data, and are supplied from a bus 156 is made possible from the serial 
data output terminal TDO. 

[0038] Said selector 151 connects alternatively one data input/output terminal of a command register 
SDIR, a status register SDSR, and a data register SDDR to said bus 156. Said selector 152 connects 
alternatively the data input/output terminal of another side of these registers SDIR, SDSR, and SDDR to 
said data bus 1 6D. 

[0039] Said register controller 1 57 receives address information, a read/write signal, etc. which are 
supplied through a bus controller 13, decodes the address signal, generates the selection signal of said 
registers SDIR, SDDR, and SDSR, and the read/write signal over a register, and controls said selector 
152. Thereby, CPU10 can access said registers SDIR, SDSR, and SDDR if needed. 
[0040] A boot command, a SDI interruption command, or a SDI breaking command is supplied to the 
triplet of TS0, TS1, and TS2 so that said command register SDIR may be illustrated by drawing 3 . if said 
command decoder 154 will interrupt if a boot command is supplied, and it gives interrupt request signal 
(SDI boot interrupt request signal) SDI.boot to a controller 12 and a SDI interruption command is 
supplied similarly — interrupt request signal (SDI interrupt request signal) SDIjnt — moreover, supply of 
a SDI breaking command gives interrupt request signal (SDI breaking interrupt request signal) SDI_brk to 
the interruption controller 12. The contents of the processing which answers these interrupt requests 
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are explained in full detail later. 
• [0041] Access to the serial interface circuit 15. which synchronized with the transfer clock TCK by said 
serial controller 3, and access to the serial interface circuit 15 by CPU10 are mutually carried out with 
asynchronous. In order to control delivery of data mutually at this time, said status register SDSR has 
the 1-bit flag FLG. Let this flag FLG be the reference information for making controllable exclusively 
access of CPU10 to a data register SDDR, and access from the serial controller 3 side. That is ( this flag 
FLG shows that access of the data register SDDR by CPU10 is possible with that logical value 0, and 
shows with it that access of the data register SDDR by the serial controller 3 is impossible. Moreover, 
Flag FLG shows that access of the data register SDDR by CPU10 is impossible with the logical value 1, 
and shows with it that access of the data register SDDR by said serial controller 3 is possible. In 
addition, the status register SDSR is equipped also with the bit of others which show the internal state 
of the SHIRUARU interface circuitry 15. 

[0042] The serial controller 3 controls the data transfer to the serial interface circuit 15 by observing 
said flag FLG. If it detects that Flag FLG is made into a logical value 1 through the serial data output 
terminal TDO, the serial controller 3 will perform download. which supplies data to, the serial data input 
terminal TDI, and upload which outputs data from the serial data output terminal TDO. The serial 
controller 3 does not perform data transfer, unless Flag FLG is made into a logical value 1. That is, 
access to a data register SDDR is not performed. If said flag FLG is made into a logical value 1, access 
of it to a data register SDDR will be made impossible, for example, as for CPU10, the wait of the access 
to a data register SDDR is carried out by the bus controller 13. The serial controller 3 will clear said flag 
FLG to a logical value 0, if data transfer is completed. If Flag FLG is cleared by the logical value 0, 
access of the data register SDDR by CPU 10 by which the wait was carried out will be resumed, and a 
lead or light access of as opposed to a data register SDDR in CPU10 will be enabled. CPU10 sets Flag 
FLG to a logical value 1 after the completion of access of the data register SDDR by CPU10. When the 
serial controller 3 detects this condition, the serial controller 3 is again made accessible in the data 
register SDDR of the serial interface circuit 15. 

[0043] In short, the serial controller 3 accesses a data register SDDR, when Flag FLG is a logical value 1, 
and it clears Flag FLG to a logical value 0 by the completion of access. CPU 10 accesses a data register 
SDDR, when Flag FLG is cleared by the logical value 0, and it sets Flag FLG to a logical value 1 by the 
completion of access; Thus, the exaggerated light of the data register SDDR which it is asynchronous 
and is accessed by CPU10 and the serial controller 3 by the above-mentioned regulation or control 
using Flag FLG can be prevented, and serial data can be exchanged asynchronously and easily between 
the exteriors. 

[0044] Said State controller 153 receives 1-bit a reset signal/TRST, the transfer clock signal TCK, and 
the State control signal TMS, respectively. Let a reset signal/TRST be the reset signals which initialize 
the serial interface circuit 15. The transfer clock signal TCK is made into the synchronizing clock signal 
of the data transfer through said serial data input/output terminals TDI and TDO, and is made into the 
reference clock signal of the State controller 153 of operation. Moreover, the State controller 153 can 
recognize whether the logical value of the outputted flag FLG is 1, when said flag FLG is outputted from 
the serial data output terminal TDO through the shift parallel conversion register 150 with reference to 
- - the serial data output terminal TDO. 

[0045] Said State controller 153 is made into the so-called state machine, makes the internal control 
state of the serial interface circuit 15 change in the sequence defined beforehand, and determines the 
transition direction at this time with the logical value of said State control signal TMS. 
[0046] The transition diagram of the control state by said State controller 153 is illustrated by drawing 
5 . For ST1, the reset State and ST2 are [ the selection State of a data register SDDR (or the status 
register SDSR) and ST4 of an idle state and ST3 ] the selection State of a command register SDIR. The 
direction which progresses to the following State from the current State is determined by the logical 
values 1 and 0 of the State control signal TMS. 
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[0047] It is determined by whether the flag FLG of a logical value 1 was outputted outside through the 
serial -data output terminal . TDO any of Registers SDDR and SDSR are chosen in the. State ST 3. That is t 
the State controller 153 chooses a data register SDDR in said State ST 3 by. recognizing that the flag 
FLG of a logical value 1 was outputted outside through the serial data output terminal TDO. 
[0048] In said State ST 3 f when made TMS=0 The capture State ST 30 which outputs the data of 
Register SDDR (SDSR) to the shift parallel conversion register 150, and the shift parallel conversion 
register 150 At the time of control signal TMS=0 It synchronizes with a transfer clock TCK. The shift 
state ST 31 which carries out a shift action, the activity State From ST32, the pause state ST 33 t the 
activity State (reserve State for a switch of operation) ST 34 t and the shift parallel conversion register 
150, to Register SDDR (SDSR) (Reserve State for a switch of operation) Data It enables it to take the 
update State ST 35 which carries out a juxtaposition output one by one according to the logical value of 
the State control signal TMS. The data which incorporate the data supplied to the serial data input 
terminal TDI to Register SDDR through the shift parallel conversion register 150, and are set to Register 
SDDR (SDSR) by this can be outputted from the serial data output terminal TDO through the; shift 
parallel conversion register 150. 

[0049] For example, Flag FLG is initialized by the logical value 1 by reset of the serial interface circuit 
15. If the register chosen by the State ST 3 is used as a status register SDSR in this condition and Flag 
FLG is read outside through the capture State ST 30 When the State controller 153 detects it and it 
returns to the State ST 3 shortly, in the State ST 3 concerned A data register SDDR is chosen and the 
data supplied, from the serial data input terminal TDI can be stored in a data register SDDR through the 
shift state ST 31 and update State ST35 grade. Although not restricted especially, once it escapes from 
the update State ST 35, the register-select condition in the subsequent State ST 3 will be initialized by 
the status register SDSR. 

[0050] In the selection State ST 4 of a command register SDIR, when made TMS=0 The command of a 
command register SDIR The capture State ST 40 outputted to the shift parallel conversion register 150, 
the shift state ST 41 of the shift parallel conversion register 150, the activity State (reserve State for a 
switch of operation) ST 42, the pause state ST 43, the activity State (Reserve State for a switch of 
operation) It enables it to take the update State ST 45 which outputs a command to a command 
register SDIR one by one according to the logical value of the State control signal TMS from ST44 and 
the shift parallel conversion register 150. By this, the command supplied to the serial data input terminal 
TDI can: be incorporated to a command register SDIR through the shift parallel conversion register 150. 
In addition, an intermediate control state may be used as a dummy depending on the direction which 
makes a condition change. 

[0051] The mode of operation of «microcomputer, and address space» It is the system controller . 
which is shown by the reference mark 17 in drawing 1 . A system controller 17 controls the mode of 
operation of a microcomputer 1 etc. The emulator mode signal ASEMD0 is typically shown as a mode 
signal by this example. Although not restricted especially, the reset signal of a microcomputer 1 / RST 
is also supplied to the system controller 17. 

[0052] At the time of ASEMD 0= 0, a microcomputer 1 is made into ASE mode (evaluation mode or 
debug mode), and let a microcomputer 1 be body chip mode (real mode) at the time of ASEMD 0= 1 so 

that it may be illustrated by drawing 4 . - r 

[0053] The real mode is the mode (it is not a debug mode) in which the microcomputer 1 as, an 
evaluation chip is operated as a real chip. It considers as the space of the user memory area 
(User_MEM) 110, external memory space (external memory space of a microcomputer 1), and the space 
for circumference modules, and let other space be reserve space (space which cannot be used) so that 
the address space of CPU10 at this time may be illustrated by drawing 6 . Let space for circumference 
modules be internal register space, such as the circumference circuit 12, for example, said interruption 
controller, included in a real chip, and a bus controller 13, etc. Let space of said user memory area 110 
be the work-piece field which consists of built-in RAM and built-in ROM, data temporary storage, and a 
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program field with, a real chip. In the real mode, CPU10 fetches an instruction from the program field 
arranged in the space or external memory space of the user memory area 110, and performs this. The 
field of the vector table for exception handling, such as reset processing, is assigned; if CPU10 is reset 
in the real mode by the head of the user memory area 110 (power on reset, a hardware reset, or 
software reset), the reset vector arranged at the head of the vector table concerned (H'OOOOOOO) is 
acquired at it, the reset processing program shown by it is first performed at it, and program 
manipulation is advanced to it. 

[0054] Said evaluation mode is a debug mode, and especially, CPU10 calls a user mode said real mode 
and the mode of operation which can perform the user program by which it was similarly stored in the 
user memory area 110, and calls breaking mode the mode of operation which can perform the debug 
program stored in said RAM field 111 for debugging. 

[0055] The address space of CPU10 in said user mode is illustrated by drawing 7 ; and does not change 
at all to the real mode. 

[0056] The address space of CPU10 in said breaking mode is illustrated by drawing 8 , and emulator 
space (interior/exterior) is added to the user mode. Said external emulator space can be used for trace 
space etc. when there is an ASE terminal which is not illustrated. The field where said internal emulator 
space is illustrated by drawing 9 is assigned. Internal register SDIR of said serial interface circuit 15, 
SDSR, SDDR, the internal register 140 of the breaking controller 14, etc. are mapped by the space for 
circumference modules shown in drawing 6 , drawing 7 , and drawing 8 . In the address map of drawing 9 , 
even if R0 save-area 1 1 1 A performs processing to which the value of the internal register R0 of CPU10 
is temporarily evacuated, and CPU10 attaches on the occasion of a mode-ol^operation switch using a 
register R0 on the. occasion of the switch in breaking mode from a user mode, it is a field for enabling 
reference of the value of the register R0 at the switch time in a user mode afterwards. Hardware BURE 
vector field 1 1 1B is a vector storing field used for a switch of the program space of CPU10; when 
hardware breaking occurs. Hardware breaking is generated by said interrupt request signal brks and 
SDI.brk. Software breaking vector field 1 1 1C is the storing field of the vector used for a switch of the 
program space of CPU10, when software breaking occurs. Said R0 save area 11 1A, hardware breaking 
vector field 1 1 1 B, and software breaking vector field 1 11 C are made into a part of RAM field 111 for 
debugging, and are offered by RAM. SDI boot vector field 1 12A is the storing field of the vector which 
CPU10 refers to, when interrupt request signal SDI.boot is received. For example, let the vector stored 
in this field 1 12A be the information indicating start-address H'FFFFCO of the boot program field 112. 
This SDI boot vector field 1.12A is made into a part of boot program field 112, and is offered by ROM. 
[0057] Boot actuation» for the breaking mode establishment by «SDI_boot Transition of the mode of 
operation between breaking mode and a user mode is explained to establishment in the breaking mode in 
evaluation mode (debug mode), and a list below. 

[0058] The control procedure of the boot actuation for establishing said breaking mode is ****(ed) by 
drawing 10 , and the timing chart at that time is shown in drawing 1 1 . 

[0059] In order to establish a debug mode, while making said mode signal ASEMDO into a low level, the 
reset signal of a microcomputer 1 / RST, and the reset signal/TRST of the serial interface circuit 15 
are made into a low level, respectively (S1). Thereby, the serial interface circuit 15 is initialized and a 
microcomputer 1- is made into a reset HOLD status (S2), Subsequently, after making a reset signal/RST- 
high-level, the reset HOLD status of a microcomputer 1 is maintained by making a reset signal/TRST 
high-level (S3). In this condition, a microcomputer 1 is made into a debug mode and CPU10 takes the 
address mapping in the breaking mode shown in drawing 8 . In the reset HOLD status of a 
microcomputer 1, actuation of CPU 10, the interruption controller 12, and the serial interface circuit 15 
is enabled. 

[0060] Synchronizing with a transfer clock TCK, the State control signal TMS changes to necessary in 
this condition, if command register SDIR supply of the boot command is carried out from the serial data 
input terminal TDI, (S4) arid its boot command will be decoded by the command decoder 154, and by it, a 
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corrimand decoder 154 interrupts and outputs boot interrupt request signal SDI.boot to a controller 12 
. (S5). , . , . . , 

[0061] The interruption controller 12 will supply the factor information and the interruput signal 
corresponding to the interruption concerned to CPU 10, if the boot interrupt request signal SDIJboot is 
received. A reset HOLD status is canceled by the interruput signal, CPU10 acquires the vector address 
in hardware based on the interruption factor information, and CPU 10 acquires the vector of SDI boot 
vector field 1 12A shown in drawing 9 by this. If this example is followed, said vector will show start- 
address H'FFFFFCO of the boot program field 112, and CPU10 will start activation of the boot program 
stored in the boot program field 112 by this (S6). . 
[0062] A boot program is considered as the program which carries out transfer control of the 
information supplied through the serial data input terminal TDI to the RAM field 111 for debugging. The 
information on the vector table which this uses for the debug program supplied to the serial data input 
terminal TDI through the serial interface circuit 15 or it downloads to the RAM field 111 for debugging 
(S7). 

[0063] If this example is followed, the branch instruction which branches the instruction-execution 
condition of CPU10 to start-address HTFFF800 of said RAM field 1 1 1 for debugging is included in the 
last of a boot program. Thereby, following activation of a boot program, the instruction execution of 
CPU10 branches to the debug program of the RAM field 111 for debugging (S8), and the condition that 
CPU10 can. perform a debug program changes (S9). Thus, a microcomputer 1 establishes the breaking 
mode in evaluation mode. 

[0064] In drawing 11 . time of day t1 shows the timing by which said reset HOLD status is attained. If 
made a reset HOLD status, it will be made breaking mode to the timing of time of day t2. If a reset 
signal/RST is made high-level at time of day t3, the reset condition of the serial interface circuit 15 will 
be canceled by changing a reset signal/TRST high-level after that. However, the reset HOLD status of 
CPU10 is maintained., If said boot command is published at time of day t4, the reset HOLD status of 
CPU10 is canceled by interruption, and CPU10 will execute a boot program and will download the data 
inputted from the serial data input terminal TDI to the RAM field 1 1 1 for debugging. If activation of a 
boot program is completed at time of day t5, the instruction-execution condition of CPU10 will branch 
to the debug program downloaded to the RAM field 111 for debugging as above-mentioned. 
[0065] the contents of the debug program are alike, respond to the structure of a system which applies 
a microcomputer 1, and a user determines them as arbitration. . 

[0066] In this example, the transfer control program for downloading a user program (program for 
debugging) to the program memory space of the user memory area 110 through said serial interface 
circuit 15 can be. arranged in the head of the RAM field 111 for debugging. And the program for 
outputting the condition inside a microcomputer outside through said serial interface circuit 15, the 
program for setting breaking conditions as said breaking controller 14 through said serial interface circuit 
15, etc. can be included in said debug program by making such a transfer control program into the start. 
Or the program which enables actuation for choosing such a program can also be arranged. Moreover, if 
the instruction which performs actuation for branching the address of the program storage area of a 
request of the instruction-execution condition of CPU10 of said user memory area 1 1 1 and external 

memory is arranged, it is also possible to shift to a user mode from breaking mode. .... - 

[0067] Breaking» by «SDI_brk The transition control procedure to the breaking mode by interrupt 
request signal SDI.brk is shown , in drawing 12 , and the timing chart at that time is shown in drawing 1 3 . 
[0068] In a user mode, the breaking controller 14 and the serial interface circuit 15 cannot be accessed. 
In a user mode, if the breaking conditions set as the breaking controller 14 in breaking mode are 
satisfied, a microcomputer 1 will shift to breaking mode with the breaking interrupt request signal brks. 
In the user mode, reception of the breaking interrupt request by SDI.brk and the interrupt request by 
SDIJnt mentioned later is enabled. The breaking interrupt request by SDI_brk is not received in the real 
mode. 
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[0069] For starting breaking by SDI breaking interrupt request signal SDI.brk, a reset signal/TRST is 
first rfiade into a low level, the serial interface circuit 15 is initialized (S10), and a reset signal/TRST is 
returned high-level after that (S1 1 ). And if a breaking command is supplied from the serial data input 
terminal TDI (S12), the command will be decoded by the command decoder 154, consequently interrupt 
request signal SDI.brk will interrupt, and it will be outputted to a controller 12 (S13). 
[0070] The interruption controller 12 will supply the factor information and the interruput signal 
corresponding to the interruption concerned to CPU10, if the breaking interrupt request is received. 
CPU 10 acquires the vector address in hardware based on the interruption factor information, and 
CPU 10 acquires the vector of hardware breaking vector field 1 1 1B shown in drawing 9 by this. Some 
fields of the RAM field 1 1 1 for debugging are assigned, this hardware breaking vector field 1 1 1B 
responds to the vector set as it, processing of CPU10 branches to predetermined processing of a debug 
program (S14), and CPU10 performs the program of a branching place and performs emulation actuation 
(S15). For example, actuation which sets breaking conditions as the breaking controller 14, or reads the 
value of the internal register of CPU10 outside through the serial interface circuit 15 through the serial 
interface circuit 15 is performed. 

[0071] In drawing 13 , when a microcomputer 1 is a user mode (the case where it is in breaking mode is 
not excepted), the serial interface circuit 15 is reset by a reset signal/TRST at time of day t1. The 
circuit of others of a microcomputer 1 is not reset by it. And after canceling reset of the serial interface 
circuit 15, a breaking command is supplied to the serial interface circuit 15 fronrvthe serial data input 
terminal TDI at time of day t2. By this, as above-mentioned, a microcomputer 1 changes in breaking 
mode by breaking interrupt request signal SDI.brk, and CPU10 branches to predetermined processing of 
the debug program of the RAM field 1 1 1 for debugging, for example, the data for new breaking 
conditioning are received through the serial interface circuit 15. 

[0072] Interruption» by «SDI_int The interrupt control procedure by interrupt request signal SDIJnt is 
shown in drawing 14 , and the timing chart at that time is shown in drawing 15 . 

[0073] Reception of interruption by interrupt request signal SDIJnt in the real mode or a user mode is 
enabled (in breaking mode, reception is impossible). It is because the vector table referred to by this 
interruption must be formed in the user memory area 110. 

[0074] For starting interruption by SDI interrupt request signal SDIJnt, a reset signal/TRST is first made 
into a low level, the serial interface circuit 15 is initialized (S20), and a reset signal/TRST is returned 
high-level after that (S21). And if an interruption command is supplied from the serial data input terminal 
TDI (S22), the command will be decoded by- the command deicoder 154, consequently interrupt request 
signal SDIJnt will interrupt, and it will be outputted to a controller 12 (S23). 
[0075] The interruption controller 12 will supply the factor information and the interruput signal 
corresponding to the interruption concerned to CPU10, if the interrupt request is received. CPU10 
acquires the vector address based on the interruption factor information, and CPU10 acquires a vector 
from the user memory area 1 10 by this. The vector is determined as arbitration according to the user 
program, it responds to the vector, processing of CPU10 branches to predetermined processing of a 
user program (S24), and CPU10 performs the user program of a branching place (S25). 
[0076] In drawing 15 , when a microcomputer 1 is a user mode (the case where it is in body chip mode is 
-not excepted), the serial interface circuit 1 5 is reset-by a reset signal/TRST at time of day t1 . The 
circuit of others of a microcomputer 1 is not reset by it. And after canceling reset of the serial interface 
circuit 15, at time of day t2, the serial interface circuit 15 is interrupted from the serial data input 
terminal TDI, and a command is supplied. It branches by this to the processing as which, as for 
processing of CPU10, interruption was required by interrupt request signal SDIJnt as above-mentioned. 
[0077] The overall example of a system configuration in the case of debugging the target system which 
applied said microcomputer 1 is shown in drawing 16 . The configuration shown in this drawing 
corresponds to drawing 2 . The interface of the target system 5 and a debug tool 4 is performed through 
the serial controller 3 and said serial interface circuit 15. The debug tool 4 makes an example the 
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portable personal computer which can perform an emulation program. The serial controller 3 
incorporates and controls the serial data which carries out serial supply of the data and is outputted to 
the serial data input terminal TDI from the serial data output terminal TDO while controlling said 
signal/TRST, and TCK arid TMS according to directions of the information transfer from a debug tool 4. 
Although the protocol of serial transmission is based on the so-called JTAG used for the test of the 
semiconductor integrated circuit of a large number mounted in the circuit board in the above-mentioned 
example, it is not limited to it. 

[0078] In drawing 16 , the external connection connector 51 is arranged for that for connecting the 
serial interface circuit 15 of said microcomputer 1 with the serial controller 3 at the circuit board 55 of 
the target system 5. this external connection connector 51 corresponds to five signals (/TRST, TCK, 
TMS, TDI, TDO) — sufficient — a big area is not needed on the circuit board. It is suitable for the small 
target system like a pocket communication terminal or a pocket device. This external connection 
connector 51 is connected to the serial controller 3 . through the interface cable 30. 
[0079] For example, since the number of a signal line required for the interface of the target system 5 
and a debug tool is lessened as much as possible also when bringing the system debug or software 
debugging close to a real operating environment as much as possible when the target system 5 is a 
pocket communication terminal like a portable telephone, and carrying out outdoors, it is rich in mobility 
[ say / that it can respond also to such a use gestalt immediately ]. 

[0080] As explained above, a microcomputer 1 is made to perform the user program made applicable to 
debugging in the target system 5 a software WEDE bag or when carrying out system debug, and it 
debugs by following the activation locus of the user program concerned, referring to the information 
acquired in the process externally. Some which hold the trace information for following said user 
program activation locus are in the interior of said breaking controller 14. In order to refer to the 
information which appears in the activation process of such a user program externally or to set up the 
operating condition of a user program etc., it is needed to make a microcomputer 1 perform a different 
debug program from a user program. Said boot program is a program of CPU10 ** for downloading such 
a debug program to a RAM field 111 for debugging which is different in the storing field 110 of a user 
program of operation. By creating beforehand the debug program needed according to the configuration 
of the target system 5 to necessary, and publishing said SDI boot command in the serial interface circuit 
15 from a debug tool 4, a microcomputer 1 starts a boot program and downloads the debug program 
supplied to the serial interface circuit 15 to the RAM field 1 1 1 for debugging. Therefore, when referring 
to the information which appears in the activation process of a user program externally oh the occasion 
of debugging or setting up the operating condition of a user program etc., the contents of the actuation 
will be performed according to the downloaded contents of the debug program. Thereby, any debugging 
actuation can be performed according to the contents of the program, and the variability of debugging 
actuation can be guaranteed. The debugging actuation by the microcomputer 1 is not restricted by the 
class of command receivable in the serial interface circuit 15. 

[0081] The serial interface circuit 15 is used for an interface with a debug tool 4, the number of the 
terminals for interfaces for debugging is lessened, and it can be compatible in the variability of debugging, 
and good user-friendliness under such a limit. 

[0082] Also when bringing system debug or software debugging close to a real-operating environment, as 
much as possible and performing it to it outdoors to the target system 5 like a pocket communication 
terminal or a pocket device, there are few terminals for interfaces for debugging, and since the 
variability and the good user-friendliness of debugging are also guaranteed, it js rich in mobility [ say / 
that it can respond immediately ]. 

[0083] the predetermined address of said debug program to which the instruction execution of CPU10 
was transmitted to said RAM field 111 for debugging, for example, the instruction which it is 
[ instruction ] alike and branches H'FFFF800, can be included in the last at said boot program. The 
downloaded debug program can be started automatically by this, and first stage-control action can be 
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started immediately. 

[0084] If the download of a user program made applicable to debugging as first stage-actuation is 
assumed, said internal memory 11 has the rewritable user memory area 110, and said debug program can 
contain the transfer control program which makes a user program etc. transmit to said user memory 
area 110. 

[0085] since a user program can be arranged to the user memory area 110 of the microcomputer 1 
interior on the occasion of debugging — actually — ** — a user program can be performed with the 
same working speed for debugging. 

[0086] Said serial interface circuit 15 is based on the SDI breaking command supplied from the outside, 
and is a SDI interrupt request signal (outputting SDI_brk, said interrupt controller 1 2 answers the 
interrupt request signal, and gives the interrupt control information which makes CPU 10 execute the 
predetermined instruction of said debug program to CPU10.) to said interrupt controller 12. Therefore, 
actuation (breaking actuation) which switches the program of CPU10 of operation to said debug program 
can be performed to arbitration through the serial interface circuit 15 on the way of [ of a user program 
/ activation ] etc. from host equipment 4. 

[0087] At this time, hardware breaking vector field 1 1 1B used in order that CPU10 which received the 
interrupt control information based on a SDI breaking command may acquire the predetermined 
instruction address of said debug program is assigned to said RAM field 111 for debugging. According to 
said. debug program, since this field is a field which can rewrite CPU10, it can also determine as 
arbitration the debugging processing which you want to perform by issue of such a breaking command. 
[0088] Based on the SDI interruption command supplied from the outside, said serial interface circuit 15 
outputs SDI interrupt request signal SDIJnt to said interrupt controller 12, and said interrupt controller 
12 answers the interrupt request signal, and it gives the interrupt control information which makes 
CPU10 execute the program of the user memory area 1110 or other user rooms to CPU10. Thereby, 
arbitration can be interrupted through the serial interface circuit 15 on the way of [ of a user program / 
activation ] etc. from host equipment 4. 

[0089] When outputting and inputting information asynchronously and serially with the exterior of a 
microcomputer 1. through the serial interface circuit 15, by permitting access of the data register SDDR 
by CPU10 according to the condition of Flag FLG, the exaggerated light of the data register SDDR which 
it is asynchronous and is accessed by the exterior and CPU10 of a microcomputer 1 can be prevented, 
and data can be serially exchanged asynchronously and easily between the exteriors. 
[0090] The State controller 153 detects the condition that said flag FLG made into the logical value 1 
was outputted to the exterior of a microcomputer 1. While choosing said data register SDDR from the 
exterior of a microcomputer 1 accessible then Since modification of said flag FLG to a logical value 0 is 
enabled with the completion of access of the data register SDDR by the exterior, an exclusive signal line 
cannot be used for outputting the information on Flag FLG to the exterior of a microcomputer 1, but the 
signal line for serial data I/O can be used. 

[0091] Although invention made by this invention person above was concretely explained based on the 
operation gestalt, it cannot be overemphasized that it can change variously in the range which this 
invention is not limited to it and does not deviate from the summary. 

[0092] For example, a- data processor is not limited to a microcomputer, but is large in the logic LSI of 
the microcontroller which specialized in the DIJITA signal processor which specialized in the digital- 
signal-processing operation, a microprocessor, and appliance control, and can be applied to it. The 
circuit module built in these data processors is not limited to the above-mentioned example. 
[0093] 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical thing among 
invention indicated in this application is explained briefly. 

[0094] That is, any debugging actuation can be performed according to the contents of the program for 
debugging control downloaded by the boot program/and the variability of debugging actuation can be 
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guaranteed. The debugging actuation by the data processor is not restricted by the class of command 
- receivable [ with a serial interface; means ]. i • , ■ . , , , ( ; 

[0095] A serial interface means is used for an interface with a host system,* the number of /the terminals 
for interfaces for debugging is lessened, and it can be compatible in the variability of debugging,. and 
good user-friendliness under such a limit. r 
[0096] Also when bringing system debug or software debugging close to a real operating environment as 
much as possible and performing it to it outdoors to the target system like a pocket communication 
terminal or a pocket device, there are few terminals for interfaces for debugging, and since the 
variability and the good user-friendliness of debugging are also guaranteed, mobility [ say / that it can 
respond immediately ] can be acquired. - : 
[0097] Moreover, by including the instruction which branches the instruction execution of a central 
processing Unit to the predetermined address of the program for debugging control in the last of said 
boot program; the downloaded program for debugging control can be started automatically, and first 
stage-control action can be started immediately. , . 

[0098] arranging a user program in the memory inside a data processor on the occasion bftdebugging — 
actually — ** — a user program can be performed with the same working speed for. debugging. *. f . 
[0099] The interrupt request which answers the 2nd command (SDI breaking command) supplied .to a 
serial interface means .from' the exterior can perform at arbitration actuation, (breaking actuation) which 
switches the .program of a central processing unit ofoperationjto said , control program:for debugging.to 
a central processing unit through a, serial interface means on the way of [ of a user.program/ .< ; 
activation ] etc. by performing a predetermined instruction of the program for debugging control from a 
host equipment side. ..<.-. * . ( \ r 

[0100]. A. central processing unit can be made to generate [ by the interrupt request which answers 1 the 
3rd command (SDI interruption command) supplied to a, serial interface means from the exterior ] 
interruption ^, arbitration through a serial interface means; on the way of [ of a user program / - t , 
activation ] etc. from a host equipment side by enabling branching of a central processing unit to the 
predetermined program of user room. . . ■ . ; ^ ' 

[0101] When outputtihg and inputting information asynchronously and serially with the exterior of a data 
processor through a_ serial interface means, ;by permitting access of the .data register by the ; central 
processing unit accordingjto the condition of a flag (FLG),-the:exaggerated light of the data register 
(SDDR) asynchronous and accessed by the.exterior and the central: processing unit of a data processor, 
can be prevented, and data can be serially exchanged asynchrbnously'ahd easily between: the; exteriors. 

[Translation done.] * ■ •: M f ^ : 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] . , 

[Drawing 1]- It is the block diagram of the microcomputer concerning an example of this invention. 
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[Drawing 2] It is the block diagram showing an example in the condition of having carried out the 
4 interface of the target system which applied the microcomputer of drawing 1 to the debug tool. 
[Drawing 3] It is the explanatory view showing an example of the command register contained in a serial 
interface circuit. 

[Drawing 4] It is the explanatory view showing an example of the mode of operation of the 
microcomputer set up by emulator mode signal ASEMOD. 

[Drawing 5] It is the transition diagram of the state-transition control by the State controller contained 
in a serial interface circuit. 

[Drawing 6] It is the explanatory view showing the address space of CPU in the real mode. 
[Drawing 7] It is the explanatory view showing the address space of CPU in a user mode. 
[Drawing 8] It is the explanatory view showing the address space of CPU in breaking mode. 
[Drawing 9] It is the explanatory view showing the detail of the internal emulator space assigned in 
breaking mode. 

[Drawing 10] It is an example flow chart which shows the control procedure of the boot actuation by 
interrupt request signal SDI.boot for establishing breaking mode. 

[Drawing 11] It is the timing chart which shows an example of the boot actuation by interrupt request 
signal SDLboot for establishing breaking mode. 

[Drawing 12] It is an example flow chart which shows the control procedure of the transition to the 
breaking mode by interrupt request signal SDI_brk. 

[Drawing 13] It is the timing chart which shows an example of the transition actuation to the breaking 
mode by interrupt request signal SDI_brk. 

[Drawing 14] It is an example flow chart which shows the control procedure of interruption by interrupt 
request signal SDIJnt. 

[Drawing 15] It is the timing chart which shows an example of the control action of interruption by 
interrupt request signal SDIJnt. 

[Drawing 16] It is the perspective view showing an example in the condition of having carried out the 
interface of the target system which applied the microcomputer of drawing 1 to the debug tool. 
[Description of Notations] 

1 Microcomputer 

2 External Memory 

3 Serial Controller 

4 Debug Tool 

5 Target System 

50 Circuit Board 

51 External Connection Connector 

10 CPU (Central Processing Unit) 

110 User Memory Area 

1 1 1 RAM Field for Debugging 

1 1 1 B Hardware breaking vector field 

112 Boot Program Field 
112A SDI boot vector field 

11 Internal Memory 

12 Interruption Controller 

13 Bus Controller 

14 Breaking Controller 

15 Serial Interface Circuit 
/TRST Reset signal 
TCK Transfer clock signal 
TMS State control signal 
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TDf Serial data input terminal 

TDO Serial data output terminal 

150 Shift Parallel Conversion Register 

153 State Controller 

154 Command Decoder 
SDIR Command register 
SDSR base — status register 
FLG Flag 

SDDR Data register 

SDl.boot SDI boot interrupt request signal 
SDljnt SDI interrupt request signal 
SDI.brk SDI breaking interrupt request signal 
1 6D Internal data bus 
16A Internal address bus 
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[000 1] 

^y-n7°n-feyf-ft£*©x— y^n-fey 
?\ 5 ^ V— a V*?©?*'* y ^XtMSti&fc'l- 

Sx-y-^o-fcylHclllU mx-Hf. yf^a^a 

^ SrtT 5 <D h <D \z.mm Lxm&i fcttflffc: PI" 5 1> o 

[ 0 0 0 2 ] 

y h^fAt1>#t5) CDx'< y y y^ffi 

y y*ffl © * X h v-^. A t -f' V * 7 en — ^ $ 5 fc #> 
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JroJ: 5 i/J^-^fA©^, ©HISSES};: 7*'* y 

{0 0 0 3] -t^-^, f^S'.^O^ hi/xf At© 
-f >-y- 7 = — 7. \z =/ y T/W 7 3i — ;* v ^Sftfl? 

1 9 8 9^1 2M\Z I EEESStr© CDSP Floating. 
Point Dual-Port Processor User' s Manual SECTI0N10. 
ON-CHIP EMULATOR J \Z < toTtiW$ttTt'>5 < i 
[0004] ^teiEi&^fcgtffJfi, v>yVV< • > 
y*7Vl' • 7*n-tey:»H;:s f^y^lO^^VKf^- 

m L T x - * £ v- y TMZ Atti^l" 5 TV* y ^ffl O ~> U 
[0 0 0 5] 
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o-7t* 1 ©#Jii^-g*ffi# (SDI.boot) ,Srffl^7 
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5o ¥M£-^ft'&-* << V ojyifa-^ 1 fi. ffcfcflj 

[00 2 9] -rj 9 o 3yfa T ^. 1 f±, +*&a$ltt 
(CPU.tt>*!Fi-'5) 1 0, ^©CPUiCtoTT^-fe 
^■srSg^rtSM^y 1 l x ffjlECPUl 0^©#J&#-£ 
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*s])TA"(>"?.y* — *W& (SDI) l,5£ffi*., -t 
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T K^^l 6 A^if}i±o-C*p$^-CV^5o BUiS 
CPU10 t L-C^LfclslKT'o s/^TVf S^/Hf* 

20. V^-7">v • 7°a.-fes/f-<D^7 J — ^.7"n-fey1f-i: Ltl 
[0030] ISlllC^^hSW^oayf^'- ^ 1 

-r^DtrnVt'rr — PX'hZo 7*U— ^^^hd — 

. 7 i 4fiO ! v' y 7;W.y^ 7 i 5 tt7V*s'£' 
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l 3l:i57 Ku^|SHif«)ftl»1»«r4, CPU 

1 OtfUi/xf l 3 0 KiSJJt LfcffiK: J; o T^^H 

So 

[0 0 3 3] sMB^u— ^ = 1 4fi, 

lajfe-t-su^^ i 4o*^ru if^-K 

tCjSV^T, 1 4 okkj^shs^ci^a 

iSrttB^— 1 6 D^rtgBT Kl/^yU 1 6 A* if 
Srtttaufci*, :/i/-^»9&^5*<f#brks£#J9 
[0 0 3 4] mjffifiJ'9^^^>' hn — 5 1 2#CPU 1 

1 2K"tt. : '^yu-^«i9'ii'*K*fi#brks, ttt 
9 i£*5#ff #SDI_boo1\ SDI_inV SDI Jirkj&SttJgSiX 
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2 1 «r*U '« 9 *<Z>B*te*t*&S 
H5.td9iS*fEife*Sr#BHU-C, *3fc*Oi*^lRI9i&# 
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a^ftf C P U 1 0 i:^^§ 0 C P U 1 0 li, -t<0#] 
9ii*KB3«**»b-<^^TKu^Sr«3lU *ixteJ: 
oTW9ii*<<# ; ^Sr&#U Btf#Lfc#J 9i£*'<* # 

3 0 CPUlOfl #J9&^S^bcO«'J§ 

[0035] «v-y 7;Wy^7x-^0iS)) tuiE^y 
-e&9; ia2»c^$jT,5 i 5i-, * p 3^^- - 

* 1 SrfiJJB LfcV^^iN (^-^>7hV7fA) 5 (Dx 

>- Fd-7 3 £;frLT** hv^x-k (-r'^^^^- 

£ti% 0 H2fc:fc^T2T*$ri5t>(E>tt\ 9—¥v V 

^ey 2fiH l -CJiH*S:*l»U/tAffl*3EK- h l 9 £^ 

[0 0 3 6] mi\Z7f;£tiZ)£o\z^ •ttrffiv' y.T/W 
^7x- ^[HlSg 1 5 ->7F - ^7W^^^ 
150, 37yK^7#SD I Rs 

R, iru^^ l 5 2, SufEv'y TA-^V hv-7 3Mk 
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co^-^AtHASrttJWi-S.^x- 1 5 

'3 % CPU 1 OffiSt©^— *Atti*£ftUffl'*-5 \s*J*9 
nyfD-7157, M^vy^p-^i 5 4Sr^ 

^^15 ORyr-* l/v?^SDDRI43 2 If 3; K 
n-^V K^^SD'I RS^fT. 9^ SD 

.[0 0 3 7] HUlEv'7 h • ^7 W^l/^^ 150 
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10 -out) t^yW^-^yT^fflA (parallel-in/se 
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7;vr-^A»TD I ^tM,^^i/y7;V7- 
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5 i/;ur-^ itt^x 1 5 6 ^m^^Tfg^ U £fc. 
a** 1 5 6i»fett^p$^^^^°y wi^— ^SrffirlB^^ h 
^^155 fcHHJW UTJW'ft->7 h U > y-7/Wr- 

[0 0 3 8] gulE-feu^* 15 1 l^vy Kt/v^^ S 
DIR. — ^^l/^^SDSRMf- 
'20 ^ s D D R'0-*0^-# Affl**^ ta^-WtelWB-'^ 
^15 6\zmmirZ> 0 flrJEir 1/^152 f«r*b& 
^^SDIR/ SDSR, SDDROi*©f-#AtH 

Sra^WfcWIBy-*^^ 1 6 D\t&mirZ> 0 
[0 0 3 9] tulSU-i/^^^V Fp-7 1 5 7 W\ ^J* 

— KLTmFiai^v^X^ SD I R, SDDR, SDSRC0 

UTmiB-fe^^* 1 5 : 2*rfWW-f5o dixfcJ^ CP 
30 U 1 0 teltufE Ui/^^ SD I R , SDSR, S'DDRSr 

[0 040] tfjfB^-^^ SDIRft EI 3 Id 

• m7FpinZ>£b\z. TS0, tsi; T S 2 CO 3 tf -/ h 
id, y-f3TyK,"SD I«95i*3-v>'.KXttSD 

^15 4fi, ^— h = ^>'K*stt*p*^S'a:#J9 3i*3 
yhn-7 1 2fc» 9 (SD I h#J9 

^^g*{t-§-) SDI.bootSr^i:. lRl«tC, SDIfiJ9& 
*a^i/K^«*&Stt5i:«9ii*»*«-& (SDI« 
40 9ii*S*fg-g-) SDI_int£r, *-fc\ SDI^l/-^^ 
•^>K39S«»S*t5i:«d'9ii*SI*flr-g- (SDI^i/- 
^«9i&*R#«#)-SDI_brkS:, #J9^^^^hn- 
7l2tc^^S 0 **ub«9ii*K*fc«;-r5tea<0rt 

[004 1] fl)Ev'y7^3y hn-7 3tcj:^,tei^^ 
p y ^ T C K tfci/ y 7/W 7 1 
5— <Dy?±xk, CPUi'0l:i5v/y7;W^7 
^"Xlfi]SSl 5^7^-t7ill t@Sld^^i:$n 

so fc^tci, mmx'r-f x^i/Xf SDSRfil tfs/ 
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(7) 



7 7^FLG^tSo :077^FLGtt«, x — # ^ • 
^i'SDDRCjfttiCPU.l 0C0T^ir^ti/yT 

^FLGU, tOftilOti!!), CPU 1 OKii^ 

— ^ SDDR©7^-fe^4SpJffi"Cfc5r t £^ 

FLGtti ; ^cOf^affil fciO.. CPU 1 Otdct^X- 
U SSE^r y x^^^hu — ^ 3 tctS-r— i>v**^ 

— ^Uv^^SDSRte. i/;V7-;W>f^7 *[!];■ 
SSI Scortft.ttlBSr^i-^^i&Otr-y KfcfflfcT^*. 

[0 0 4 2.] i/!)7/V3yho-5 3lt mllE^^^F 
L G Sr«aOi-5 r i ±.o T , v'.y 7/^ ^7i-7 
tUSSl 5— O^-^tei^Sr^i-^o 77^FLG« 
Sfitl tc£*x£<£>£> ^y7^f-^ffl^WTDO=Sr 
#L-C«ffl-t*5£, ^!J7/V3Vho-73tt'>y7/i' 

i/ !) 7/vf-# T D bf *ltJAt . 

tt7 5^F LG^f&afitl fcS^v^fiO'T— ^teSIS: 

•^"fe^SrtffeJ&t^ CPU10(i|!llE77^FLG^ 
Sffil tf-^ l>^^SDDR^7*t^ 

*^"IfBi flx.a/^F^ho-7 13l:iot 
x — ^ Vi/^^ S DDR^7^ir^^r) x ^ h 
..5. i/U 7;V3 X > Fr7.3 ttxr-^teS.SrS7t5 

t*E7 5* r ,FLGSrHiaffl0fc^ !/7t5o 75^ ' bo 
FLG^l*0t^y7.*^5h.')x^ 
fcCPUl 0 J: ^5^—^ \s*?*9 SDDR<DT?±* 
*s|fBS*H, cp'uioit r-^^^SDDRl: 
$$1rZ> y — KXtt^W hT^ir^* s "5IIB^SH5o CP 
Ul 0l:±57-^^^SDDRO7^t^T 
ft. CPU 1 pli):7 7^F LGSrf&alittl fc/fe s> M" 
3o I^iSri/y 7/^3 y h u-7 3 ^Wt^ ^ i 
lei 19, i/y 7^3 y h 0-7 3 ttS^ii 7;W 
y=c— 5 co-r — * S DDR5:7^t7 

[0 0 4 3] V!)7;v.3.yM-73|j:77 
LG^Ifil <Dk Zt"—? U^*-SDDRSr7 
^ir^ U T^ir^^Tt- J:oT7"7.^F"LGSrlftatt.. 
0tC^yTi-5o CPU10l477^FLG4S|SHtO- 

y TSixT^S tf7-* Vv?*^ SDDR£T^ 
ir*U 7^i?7^TtaoT77^FLG^Iffil 
tdir^h-T^o r C7) J: 5 ^ 77 ?F LGSrffli^fc±IE- 
«aU«U<t4*J»»-J:oT, CPU10tyy7/^y 
hp-7 3iaot^ffl^7^ir7$^f-^ US? 



t-.O 0 4 4] BtJlE^x— h=t>-hv — 7 1 5 3H\ ^ 

-pjh, n^yh^yt^/ Mf ^/trst, o -/ ^ flr* 

TCK, a^T^- h*JW«-S-TMSSrg»t5o 1> * y 
MS^/TRSTfii/ y T/W y#7^-*mns 1 5 

fc-f-s y -fey Ms-f-t $n£o es^o^^iitTCK 

.tttWS^y 7^f-^A^BfTD I , T-DOSr^t 

So ^r-h3yhn-7l53ft ^>y7;vr 

— *ffl;fciB^TDO£#HBU flu IE 7 7 LG^i/7 
h ■ a* 5 l 5 O.S:^tT^y7/^ 

^F L G oslSHiSi 5 1 -e*)i**5d^SrB«|-e* 5 J: 5 
[0 0 4 5] ffflB^x— h=2 V hu — 9 15 3fl, Bfil 

<Dh^$ (om&jffa teffiriE* h sjwtf t m.s <^»a 

[004 6] jastttv pSE^X— > hp-.? 1 5 

3fr«t5WJW««B<o»»ia* s fi«*$H.TV^5 0 STltt' 
y.-fesx- h^7"— K ST2fi7YK/^7-K ST 3 
ttf-^l/^^SDDR (X^7-^^^^S 
DSR) ©BW*^— K ST4tt3^K^^S 
D I R©I«^f-Kfc5o IftftO^x— hd»fe2feO 
McJitf*lfttt^x- h«J»ra*TMStp|ftaffl[ 

1:, .Ol:ioTft^H^o - . 

[0 0 4 7] *7~ — hST3t*5V^^X^SDDR 
XttSDS R^^SraiRiTSA^ B&affi 1 7 9 ^ 
F L G^vy 7 >V*?— ^ UJ* iSS^ T -D O Sr^ L T^gB 



— h^>- hP-7 1 5 3tt\ 



:i©77yFLG* 



fcwifcBlB-r.Sr. tic J: (9, WIB*^- h S T 3 K*5 
VMT-7^-^ i/^^SDDRSriSt^c 

[0 0 4 8] aSIEXT 1 — hST3fc.*5^Tv TMS = 0 
IZ.Zivtcm&fctes U^^SDDR (SDSR) (O^ 
- 7 J:V7 b • W^i^v 5 ^^ 1 5 0^ttl^1-5 
*+/f^^7-hST30, V7^.^7WV«U 
v 1 ^^ 1 5 0*WJWfB*TMS=0<Ot#fi26^o yi^ 

3 1, f^KS^y— h (ft^Om-i-COfcftcD^^x- 
h) S T 3 2 , /K-X^x- FST3 3; ^^-r— h 
(»f^SI!J»i©fcft©ft^y- h)> ST 3 4, 
i>7 h • s<7 l/y^il/^^^ 1 5 Ofab \s*J*9 S D; : 
DR (SDSR) ^-9-*m\\ftjl-tZ>T y-J^f-Y 
^7-hST35^, ^7- h»JW«*TMS<01&a» 
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h • a* 9 WV^Uv?^^ 1 5 O^ltU^^SD' 
DRK®!9i2^ Ui/^SDDR (SDSR)' 

i so^uvyr/vf-^ffl^TD.o^b 

[0 0 4 9] M^\^VT/l>4 ^fy^ — X^l 5<D 

t^T-hST3 0Hlt77^F LG^m^Btti 

U ^f- hST3^^.t, m%*^- h S T 

f-^A^S^TD I ^fe'«$H5f-^*, V7f 
^f-fST 3 l^Ts^T*— h^-r— KST 3 
^ Ltf-^ ^ S D D RIC^i~a ^ i: *S"t?# ' 

%o '^Kmm^ti^^, Tyf^r— V ST 3 

5 ^<0^(D^- V S T 3K*5lt« ^ 
V s * '^akttttf*^^— * * ^ SDSR fclOSMb 

[0 0 5 0] Kl^i/^^ SD-r RcDil^^x— h 

yv>*j*# s d i'r©3?v Yirisy h • 

u^** 1 5 6— tti^fi-^^^^^ ^7"— KST 4 
0, ^7 h • Wi^aElftu^^'l 5.0<6i/7 .h^T" 
-hST41, fflXf-h (»t^«J9**©fcft^' 
<f*x-M ST4 2, 7K-Xxrr-hST4 3, fEU 
h (W}ft&9&k<Dl£lb<D'T'tilXT*- h). ST4 
4, Xt;v'7 h • ^7V/u3Eftl/^# 1 5 Od^aT 
is K i> # S D I R— -=i X y 7°^- 
Mr->ST4'5^ hSMtfTM ScOf^S 

h • wvjgftu^* 1 5 O Sr^lt^^y K 
^SD I RfcSOiMfri: 5 0 ft, *fcffi«r 

[0 0 5 1 ] «W ^ba^tfa — ^<o«f^^~Ki:T . 

#J»-T5. rc5«-C-tt, *™ Kff-f-i: IT, ni ^ ^ u- 
KiffAS EMD0*M^SWU:*£;h/^5 e 4$ ' 

fg-^/RSTt .1 7t£«*S$;h/C^ 

So 

[0 0 5 2] El4»C0i|*Stt5J:5fc,"ASEMDO = - 
^~K*U<tt7 f ^3/^-K) ASEMDO 



74 

[0 0 5 3] H^e-m, f¥ffi^yv^ U^^d 

K-ctefc^) -efc^o 1 rot tcocpu i o 
©ZKu^"ffilWf4Bl6k:M^S*uSJ:5»i:, y~V^ 
yfH% (User.MEM) 1 1 0 CDSM, $YU* ^ 'J 

mnttztzinZo mm*-— ^^.y««i 1 ooggiw 

fl, Hf ^7 P T1irtlRAM^SROMt«J^ 

£ £*t£ 0 H^e— Kfc'*5V^T-'cpu -i'd-tt^.— -y-V^ y 
M&l 1 0<7>SMXii^«fB^^ySIWJ-E«**vfc^ 

— y-V^eyffl^l 1 0<p3feSS»cf±, yir : s/ h*Q.a*ifO 

H^e— KJc*5V^TCPU 1 Ott\ yt^/h (^17 — 

ry-tyh) stist, aK^^^y— ^/KoftsB (if 

ooooooo) ^ia«SJxfeyirs/ h^^#&Bt#l>, -tH 
[00.5 4] flirffiffMB*— Ktt, x/^ s/ Kt?fc 

9. «fc/cpui - o 3Ss«rlB**— Ki isiflftfc^ — y-v 

RAM««1 1 lfcttJWSJxfc^y^ny^ASrll 
[0 0 5 5] ffjfB^— if^e- *5 *t5 GPU 1 0 (OT 

[0 0 5 6] iufEyu-^^— KCfeltSCPU 1 0CD 

So #»IB^ffl3i5=.u-^SMtt, El^U^t^ASEiffi. 

'*tS«a«35S#J0aTbJx-5 o H&IEv'yT/W^^^i — 
^0SSl S^ttU^^SD IR, SDSR, SDD 
R^ ^l/-^3i/Fu-7'14Ortffll/v?7^140 

' T v R0il»ffi«l 1 lAtt; ^—"f^—Yfrbzfls— 
^-K^8I!)»il:KU C PU l o (DfoU^i?* 
# R 0(OfflSr— BtffttciiiBU C PU 1 O^ui/^^R 
so 0 SriflJ JB b T tb^^ - K«J 9 1A K L T W^i" 5 
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frfr^Xh, ^-if^e— Kfc*5tt5§j 5 u>> 
7^R0 fe#BH*TtBfc-f 5 ft 

£<> ^— K9*T^u— • ^.^ffittl 1 lBIt 
.K^Ty^-^rattfci^' CPUlO^n^ 

£o ^-WxTyu-^fl tWE*9a*S.*fll-&br 
ks, SDI_brkKJ;oX|8**tt5o V^h^^T^U- 
• ^ -.^^ffiJjEl 1 1CI1 y^h^^r^u-^^ 

1 1.1 A, K^T^f-^ ■ ^.*ffl«l 1 1 
B, :V7 Yp^7rf\s—9 - -<^ffii§El 1 1 Ctt<r>>* 
-^fflRAM«l 1 lf^-aJt RAMX«$ 
^T^5o Spi^f-'^««112AB, «! 
&*K#«#SDIJ>oot#$tWtt E>hfct#CPUl-0'. 

1 1 2At*«sii.5^?H:, K:/o^9 A«« 
1 1 2^5fegST K^H--FFFFC0Sr}gU*i-1t«i £;ft> 

n^Affii^l 1 2<b— SBfcSix, ROMT-iiW^tbT 

[00 5 7] «SDI_bootfc- i 5 V^r- ^. KSfc&Ofc 

[0 0 5 8] 0 1- 0 fctt. hMB:/u— ^.^E— KSrflfeA-r 
5 hid^cOffl^lW^^^^^ E| 1 1 Mf* 

*<7?«F<0#^^V^r^T>*?^5Sfc5o- 

[0 0 5 9] ^y^-KSrflfcSci-Sfctt, itui^E— 
KfB-§- A SEMDOSr-o- V'S/Wci" £ k&te % 

nnvt: 0 n. — # l<D])±y hffif/RST.ti>!)7/W 

u — w</Mc;r£. (Si) o rtiti^.^yrMv 

ltt-y.ir 5/ -h^-^KkJIBfcS^S (S 2) 0 
&i^T\ y-fe.y b:f§-g-/R-ST*^>f i/^;W:Ufcft, 
y iry >{B-g-/TRSTSr^-< i/^t^tiaotv 

(S3) o -7^^-D=i-ytr a -#if4 
-r^-s/^— KK:£*K CPU ro-*±ia8fc?S$n5^ 
u— ^ ^~ KC0T K^*^ y tf^^SrtRSo -v^na 
ytfa-^i^yts/ K4ftlfifc*5V^T, CPU 

1 0, #|.9^yhD-7 1.2Xt?V!/7;W^7 

[0 0 6 0] r (^>ftl ^ o. > 7 ^ T C K IHM L 

x,' *^-humn^TMsfrmm\zmk£tix, v-y 

T^-r-^A^ffiT-TD I K^r^ K* s =^>' 

K^^SD I Rft^^lx^i: (S4-)\ ^(D^-h 



(9) 

{§-S§*SDI_boot£fiJ 19 ii*^VhD-7 1 2 
, (S 5) o 

[00.6 l.],fflt)W.?/hn-7l 2fi,.-t<0^— h 
«.0 ii*55*«#spi_bootSrft Jtf+^-5.t , SRfPl'o & 
*fc»jSSn5»H^*f!:W!9ii^«^*CPU 1 Otc 

ttftti. cpuiott, -t^woii'^ft-^Kio-cy 

10 :ti(:J:oTCPU 1 0 ttH 9 fc^ixs s D I h 
• ^.*ffi«.l-l 2 AO^^^Srffilfi-So . 

t 5BT Kl^H'FFFFFCOSr^U ^IUoXCPUIO 
ft, h^n^9>«« 1:1^2 ^c»ttSi^TV^5^- 
h:*n^9*03lfx«:WJ*frt;5 (S.6) 0 
[0 0 6 2],:/- h^n^^fl .?sJTtyf—9}J} 
SBT-TDI Sr^ LXftft Stt5*«*f y R AM 

. J: <9 , v-y T/W 7*-^iaBS 1 5 Sr^Ut^JIT 
20 ,1^- ^ A^ffiT-.T D I fctfafc * *b 5 fy* 

^fflRAMf«l 1 lC^^n - K$tu5 (S7) o 
[0 0 6 3] r^Wfcttttf, ^^B^7i©*« 
fctt, CPU1 0 o^HtTttlBSr^>ffifE^< y £71 R 
AMfl«ll 1^3fe0T'Kl^^H'FFFF8OO}C^lSSii:5 

©UlrfcdRVT, CPUlO^HtTttf^^^fflR 
AMfflftEl 1 lO^y^/o^^^fc^lSS^ (S 
8)^ , C PU 1 Ottx^^V^D..^5^*lltT.^ffi3a*i 
30 % «Rfcai»SJxS (S9) o ^C0J:5^U"C> 

[00 64] El 1 1 ^*5^TB$&J t 1 tt, StjfEy ir ^ h 

*-/vK#f§^£*t£ t, ^t2^^Sy^u 
--r^^— Kfc$ix5o ^Jt 3 Icy -try Ms-5§;/RST£:/> 
u-<;vtci~^ i: , Z<D'&, . y ir y K;«-g-/TRSTSr/N-< 

^0Ki\5^y-fe.-z.h*ttd5#p»Sii5 o <mu cpu 
40 lotDyti/ h^-^K«J8ttJil$*tv*o t 4tc 
ffiflE^— h3^y K*s«fT SftSfc. «0 i^^tc ioT 
CPU 1 0(DV± y y*—>\'ywfatm&Zfr. CPU 

Hfc+mifrbAfiZ Ixfcx - * Sr ^ ^ffiRA MSI 
-tt-1 1 1 \z^p^u- Ki" 5 0 t.5l:y-h^p^ 

^KtrttHBtt,. f^y^RAMWi 1 lt^yo 

. [0 0.6 5] "f^yf-fvlf^&iDfo&fe* A $ n a 
so. yfa-^ l.^igffl-f^v'^xAO^tci^^CT, ^- 
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[0 0 6 6] f^^^fflRAMiJ$l 

Hit^- u-v^eytawi l oo^o^^^^ys 

IBv'y 7;v>f V^7x-^Hl!gl SSr^UTffirfB^l'— 
^^yfp-y l 4l:7V-^fr^t^c^)^7 P 
o^9A*ifSr$«)5^i:*5-e^5 0 'j^tt, ^<D4 5 

9A^SrIB«i-5ri:1>l?#5o ^fc, CPU 10^ 
^IIW««Sr. WrlB^— !f^y«i«l 1 1 " 

y o^mco :/ u ^ ^ A«wftfB«o r k i> ^ $ * 5 

[0 0 6 7] «SDI_brkir ct^^l^- ^» EI 1 2 fcttffl 
9ii*5!*«#SDI_brkfc J:-5^u— ©f|» 

[0 0 6 8] ^3- — — Kt?li s 

1 4Xtf'^'9 7/W V* 7 ^-^IhISS 1 5 SrT^ir-X-T' 
5iif±-e^4^i 3.— If*— Kfc *5i^Tf4, 7\s—9 
*- 1 4^fS:^^^^u- 

-^-f^ oaV'tf a—^l 

fr£ix£o If*— Kfcft^T, SDl_brkt;:4S:/u 
-^#J 9 -t UT«36"f *sbl_intK; J: S#J 9 
ii*K*ttSW^rffi»-*ix-Ci^5o KT*f4SDI_br 
k^J:^^u-^#Jt)^^*(iS^#(tfe^v\ 

[0 0 6 9] SD I ^#J9i&*E#fS ^SDI_brk 

^JcS^U-^SriEft-t-ifcfi^; y-fe^ Mf-*§7TRS 
* T'Sro — ^7^^71-^111815 
&«l '(S10) . -y-fey h«*/TRST 

i/^^tcmt (Sll) o ^U. yu-^av 
> K'SrS/y T^r-MAWTD I t 

(SI 2) , ^^vyK^^vy Kf=«-^1 5 4t 
T^-K^iv -f:<0tt*» «ba*5S*«*SDLbrkiS 
#]9ii*=? l 2£tttfj£Ji5 (S 1 3) o 

[0 0 7 0] 1 2tt\ ^©yi/- 

cpuioii, ^cofflDii^BHWftJ-S^^-c^^^ 
7K^^-K»?x7ewiu :tiiaoTc p 

U 1 0ttEI9-fc*$n5^— K^^T^u— ^ • 
lifiifEl 1 1 B<Ds<# f&m^irZo :o^K!)i7^ 
U-^ • ^#ffl«l 1 1 Blif^s/^RAMffi«l 
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7A'^^i*I}:M^ (si 4) , CPUioii 
(s i 5) o v-y yvw^Va-^iHiiS 

SrsS^Ufe?), CPU 1 0^rtSBUi?^^<ofitSr^y T 
;W^7x-7|il8l 5"fcfr"UT*»K:K*ffiUfc3 

io [00 7 1] BI-l-3fc*5t^T, 7^f^P3ytWl 
. #^-if*-K<0i£ (:/^-^*- K<o»^£f&^U 

, y i? y h^t-g-/TRSTfc 4 5 B#&| t 1 V T 

-T^^-^HKl s ^y ir v h$'*i/C^5 0 

v K3*bfcV\> ^tti/y7;W^'7x-^|i]?Si 5 
<o y -fe v h *m$k C-fcSK*- b»!I t 2 lc\ > y 
A^IS^-td I ^fev-y T/W ^7.*— ^0851 5\z 

'^W9ii*S*«#6DI_brkfcJ:oT, W 
20 ^P3ytf a -yitt7'i/-^^-'KtI»U CPU 
1 Ottf^y^ffiRAMaUl 1 KD-T^ypyv?? 

[0 0 7 2] «SDI_iritfc«t5*l5a*» Hi 1 4fctt#J 
5 ii*55*«#SDI_intfc«t 5« 9 3i*#JW#IR*s^$ 

[0 0 7 3] #J 0 ii»55*«-&SDI_int^-J: 5»J 5 

[0 0 74] S D I m *) -ii*S*(B ^-SDIJntfc J: ^*"J 
9Si*Srie«l-t-5fctt3fcT;- y*y h«-^/TRST^n- 

u^vt Us viz T^w =^>-*m%&i s&w&ik 

U (S 2 0) , t<0«t, y-fes/ K{S-§-/TRSTSr/N-r u 
^</Vtc:Mi-*(S 2 1) o -tUT, #J!9ii*3^^KSr^ 
y^^f-^A^TDI^^mi' (S2 . 
40 2) , ^3vyF^3.*7yK7^-^15 4t73- 
K*tt\- J ErOSI**. W9ii*B*fB-g-SDLint3Js«9i&- 
.*3yhP-7l2tlil*^5 (S2 3>o 
[0 0 7 5] #J9^^="^ 1 2*4, ^co*J*9^ 

fll«i:W9ia*«*iSrCP-U 1 0K«t*Si"5 o CPU 
^Sr^^fu, rwaotcpui Of^-f^^y® 

so CPU10cD^St4. rL—tf^uifJ&tbffi 
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(S2 4) , CPU 1 Ott^HSffeco 
^■-t7o^7A^rfit5 (S2 5) 0 . 
[0 0 7 6] Ell 5fc*5^-C\ W $ P =>>-fc: 0 ^ — 9 1 

Lfct^) , yir y h«-g-/TRSTfcJ:9«FSJ t 1 t-^y T 
;Wy#.7i-^08l 5^yir^>^HT^5 0 

■fes/ *Lt;/!)7;W^7x-^@Sl 
5 <D JJ ir jx h frftft H*H t 2 te % ;> y TWtv- 

^A^/S'f-TD I ^b^y T/Wf V^^-^H&gl 5 io 

ii5,-fM0ii*»*ff-^SDI_intfcJ:oX, CPU 10 

[0 0 7-7 ]* EI 1 ^ o 3^t°a-^ 1 Sr-. 

3 tftJfBVy 7VW x^.7*^^iaK-l 5 fcSr 

— 93 tt7Y< y ifV—flsA A» b <p1t$Rte2fe<Z>*8* td^o 
. . fitrtB«#/TRST, TCK, TMS£ftJ^££*l-> 

^masKo^;* nc*jffl*iv5Sffii! -j.TAGfciwab 

[0 0 7 8] El 1 6^4oV^T. .^-^yh^f^SO 
ElK*«5 5fctt, Btjffi-^^^a^>t 0 ^-r-^.l(DVy 
T;W -^ElK 1 5 .Srv'.y is 3 

l^o wOn»«BR3-*^^.5 ltt, 5*0«-& (/TRS 
T, TCK, T.MS, TD I ,TDO) fcMJS £ 5 £ # "C 

0arcfc5. :^«i^^5i(^7x- - 
[0 0 7 9] Mttf, b v'^ASdsaffftttS 

rA5 k^f'^y.tfy— A-i co-f — *t£i&5fc« : 

[0 0 8 0] EJL±tftMLfcJ:5^, ^-^yk^fA 50 



/p ^7^^ ^ unykW 1 M|gfr£ii:5-£ 

✓*s/^n^5**, .*-f^P^7A^»|WfB«l 1 
0 fcHtftft*^Sf^fflRAMfH«l 1-1 Jw^^^n — 
Ki-5fcft<^.C PU 1 OcOcoSbf^T'n^ jU-CfeS« * 
f^r^ 5 oflljfttejSCT^if is Sttjf^y 
^n^7*A*^fe0fS^J*U"C*5#, mJfSSD I y 
-^^y KSr^^s/^^— /V4*»£> V.y T/i"(l/&7 

~-*;l -tt^fr-. h.^P ^9 ASrie»i v^y T/W ^ 
7*-ViaKl S^ttlfeSixa^^^p^^^Sr. ■ 
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